Background: The research base recommending the use of mobile phone interventions for health improvement is growing at a rapid pace. The use of mobile phones to deliver health behavior change and maintenance interventions in particular is gaining a robust evidence base across geographies, populations, and health topics. However, research on best practices for successfully scaling mHealth interventions is not keeping pace, despite the availability of frameworks for adapting and scaling health programs. Methods: m4RH-Mobile for Reproductive Health-is an SMS, or text message-based, health information service that began in two countries and over a period of 7 years has been adapted and scaled to new population groups and new countries. Success can be attributed to following key principles for scaling up health programs, including continuous stakeholder engagement; ongoing monitoring, evaluation, and research including extensive content and usability testing with the target audience; strategic dissemination of results; and use of marketing and sustainability principles for social initiatives. This article investigates how these factors contributed to vertical, horizontal, and global scale-up of the m4RH program. Results: Vertical scale of m4RH is demonstrated in Tanzania, where the early engagement of stakeholders including the Ministry of Health catalyzed expansion of m4RH content and national-level program reach.
Introduction
From the earliest reviews of mobile phone interventions for health improvement in 2010 (1) , the field has rapidly developed to now have sufficient evidence to support a "review of reviews" (2) and meta-analyses of pooled data (3) . Many of these studies are in the area of mHealth for behavior change and reflect a varied, robust body of evidence that ranges from randomized controlled trials of adherence to antiretroviral therapy (4), contraception (5) , and smoking cessation (6) to best practice review of apps for asthma (7) , calorie counting (8) , and pregnancy prevention (9) . In light of the dramatic growth of the field and the research base, information about the successful scale-up of mHealth interventions has not kept pace.
The term "scale-up" refers to the science of taking a proven intervention and actively disseminating it throughout an entire system to achieve greater health impact. Intervention scale-up is the intentional process of working to increase the impact of evidence-based programs so that larger populations benefit from health-promoting policies and programs (10) . Scaling up health programs is appropriate once there is an evidence base documenting positive benefits from the program; the mHealth field has arrived at this point in its evolution and now needs case studies to guide successful scale-up of mobile phone interventions to benefit more people and health systems. Without models of successful mHealth program scaleup, the field remains at risk of ongoing "pilotitis" that has plagued implementers for several years (11, 12) .
There is a large literature base recommending best practices for successful scale-up of health and development programs that is applicable to the mHealth field. Although terminology varies across frameworks and approaches (10, 13, 14) , key components include a tested innovation with locally generated evidence; involvement of diverse stakeholders including those with responsibility for, capacity to guide, and funding to support the scale-up process; engagement with and support for those who are scaling, including end-users or beneficiaries of the scaled service; targeted packaging and dissemination that facilitates service uptake; and continuous monitoring and evaluation, learning, research, and adaptation. This paper describes how these principles were operationalized during the scale up and adaptation of an evidence-based mHealth intervention, Mobile for Reproductive Health (m4RH). The m4RH program provides a case study of multiple aspects of scale-up: (I) vertical integration in Tanzania, (II) horizontal scale-up in Rwanda, Uganda, and Tanzania, and (III) global scale-up.
Background m4RH is an award-winning, automated, interactive, and on-demand short message service (SMS, or text message) system that provides simple, accurate, and globally relevant information on reproductive health. One of the first mobile phone interventions for reproductive health, m4RH was developed in 2009 as part of a pilot study in Kenya and Tanzania. The pilot study aimed to gauge the feasibility of providing family planning (FP) information via text message, the reach of mobile phones as a health communication channel, and its potential impact on FP use (15) . m4RH content was developed based on existing evidence-based global resources such as the World Health Organization (WHO) Global Family Planning Handbook (16) and best practices for developing health communication programs (17) . Ministries of Health in both Kenya and Tanzania and their affiliated FP technical working groups (TWG) were key contributors throughout the m4RH pilot, and they reviewed and vetted the content to ensure that it was contextually relevant.
Results from the pilot study demonstrated that m4RH engages diverse audiences including young people, men, couples, and women of reproductive age (15, 18) . m4RH users reported that the mobile phone platform is a highly acceptable format for receiving FP information and they appreciated the convenience and privacy of this method of communication. These results suggest that mHealth provides one avenue through which to engage populations that have been traditionally difficult to reach with FP information, including youth and men. Some m4RH users reported increased knowledge, improved partner communication, and increased contraceptive method uptake after using the system. In addition, a randomized controlled trial conducted by Abt Associates in Kenya in 2013 demonstrated a 13% improvement in contraceptive knowledge after three months among m4RH users compared to a control group (19) .
The mHealth adaption model (20) Since the pilot in 2009, m4RH has expanded its content, geographical reach, and target populations, and has been adopted and adapted by organizations around the world. To guide the process for developing content and adapting © mHealth. All rights reserved. mHealth 2017;3:11 mhealth.amegroups.com m4RH for new populations, settings, and technical areas, the team developed and followed a 10-step model grounded in research utilization and communications science and literature (13, 14, 17, 21) (Figure 1) . The model centers on the interplay between stakeholders and end-users of the mHealth program through early and ongoing stakeholder engagement and continuous data collection with mHealth program users throughout the life of the program.
Step one: establish mobile messaging technical working group
Research shows that stakeholders who are involved in the adaptation process from the beginning are more likely to support its scale up and that stakeholder engagement ensures the intervention is relevant, appropriate, feasible, and sustainable (14, 22) . To ensure that relevant stakeholders are engaged in the adaptation process, the m4RH team first establishes a TWG. Members of the TWG assist in identifying key health issues and content, provide technical review and input, and support the dissemination, roll-out, scale-up, and sustainability of m4RH.
Step two: identify priority health issues and appropriate delivery format
Conducting an assessment of the target audience's information needs and community culture is a critical step in program adaptation (17, 23) . This process results in small to moderate differences in program design across each country because content is selected through a careful review of research and other documentation on the information needs of the target population in each setting, a review of existing global and local health curricula, and extensive input from members of the TWG. Health information provided by existing behavior change communication programs along with funder priorities also are given careful consideration in guiding the selection of content.
Step three: develop new content as needed
A key component of program adaptation is maintaining sufficient fidelity. When adapting an intervention, it is imperative to ensure the key program elements, guiding behavioral theories, and internal logic are maintained (21, 24) . m4RH message development is guided by best practices in health communication and behavior change theory (17) and these same systematic processes are followed in developing new content. This ensures that new content maintains internal logic and key program elements while being responsive to new users and communities.
Step four: review content with stakeholders
Once all new content is developed, it is presented to the TWG for review. TWG members also approve program content again just before program launch and promotion in Step 8. Continuous stakeholder engagement ensures the program meets all information needs and is culturally appropriate and acceptable to the community.
Step five: test content with target audience
To ensure that program content is easily understood and contextually relevant, it is systematically tested via Focus Group Discussions (FGDs) with the target population, and key influencers (such as parents or partners) when appropriate (25) . FGDs should include questions about the target groups' mobile phone use habits, preferred health topics, feedback on the proposed program, and channels for promotion. FGDs also should provide the opportunity to review and comment on all proposed program content. Research shows that as few as 3-4 FGDs are typically necessary to reach saturation of study themes (26) ; and our experience suggests that each SMS message should be tested a minimum of two times across the total number of FGDs held.
Step six: program technology platform in appropriate delivery format
In each country an appropriate technological partner is identified early to code and deploy the adapted m4RH system. Following best practices in digital development, m4RH seeks to use open source technology, to build upon existing systems if possible, and to encourage collaboration among digital health and technology partners (27) .
Step seven: test user interface and near-final content with target audience
Usability testing is a process in which potential users of the technology are asked to navigate through a live system and are queried about the design, navigation, and ease of use of the technology (28) . After the m4RH technology platform is programmed, the system is tested with end-users in oneon-one interviews before it is launched to ensure that the system is functional, comprehensible, and easy to use.
Step eight: finalize content and platform
All user feedback gathered from content and usability testing is incorporated into the program before launch. Stakeholders review and approve the final program.
Step nine: launch and promote
The integral relationships, established at the onset of m4RH adaptation, are essential to ensure the adapted program is both promoted and available to target groups. m4RH is promoted via mass and social media, in health and FP clinics, by local health workers and during community events, and through interpersonal communication.
Step ten: monitoring and evaluation By nature, mobile phone programs allow for continuous real time data collection. The m4RH platform is able to capture all system queries, or "hits," through electronic and automatic logging. These data can be aggregated on a monthly, quarterly, or annual basis as needed-allowing for continuous monitoring and evaluation. Additionally, SMS data collection with users is recommended as a rapid and cost-effective method of learning more about users and the mHealth platform functionality (15, 18) . Other data collection methods such as phone and clinic intercept interviews provide additional sources of user and platform data.
Vertical scale in one country
Close working relationships established with key partners in Tanzania helped ensure m4RH's success and supported its vertical integration-that is, fostering institutionalization within national programs, policies and systems and ownership among government stakeholders (10)-as a key pillar of the country's FP program over the past 6 years. The FP TWG, convened by the MOH and including international and national FP partners, provided key program inputs. During the pilot, the FP TWG articulated local FP and reproductive health needs and priorities, provided technical expertise and contextual experience in reproductive health, offered suggestions for effective service promotion, and linked m4RH to service delivery organizations.
Stakeholders received regular data updates showing m4RH program utilization, and these data were used for decision-making around FP programming. The FP TWG frequently discussed and interpreted m4RH system data, noting for example, that content on natural FP methods was highly requested and prompting a review of the current availability of these methods within Tanzania. Based on promising results from the pilot study (15) , partners endorsed expanding m4RH content to include deeper messaging on side effects and other issues related to uptake and continuation of FP methods. As was done in the pilot, stakeholders in the FP TWG reviewed global guidance documents as well as locally available data regarding barriers to FP use and commonly held misconceptions in order to develop new content, and partners also collaborated to develop the new content.
m4RH was vertically integrated into government programs and systems when the MOH endorsed promotion of the m4RH service through a national-level, governmentapproved FP mass media campaign. This resulted in an immediate sixteen-fold increase in queries to the m4RH © mHealth. All rights reserved. mHealth 2017;3:11 mhealth.amegroups.com system and subsequently elevated m4RH utilization levels. The MOH and the FP TWG continue to receive regular updates in the form of m4RH system data and results of user surveys. For example, a 2012 SMS survey of 25,000 m4RH users over a 6-month period illustrates the truly national reach of m4RH, with geospatial analysis of these data documenting users in 98% of the country's districts ( Figure 2) . By October 2016, m4RH had reached over 500,000 users in Tanzania who have accessed the system more than 4.5 million times.
Horizontal scale-up across three countries
The horizontal scale-up of m4RH, which encompasses geographic expansion as well as diversification (14) , has occurred in Rwanda, Uganda and Tanzania. Based on pilot data showing young people were frequent users of the m4RH system, these countries chose to adapt the m4RH system to reach key adolescent and youth audiences ages 10-24. Following the 10-step model shown above, the m4RH platform in these settings has broadened to include additional content on puberty, sex, pregnancy, gender based violence, HIV, and STIs. The new content also includes role model stories that model positive sexual and reproductive health behaviors and service utilization among young people. Common elements that facilitated scale-up in each country include: key involvement from Ministries of Health, Youth, Gender, and Education; formation of the m4RH TWG; incorporation of country-specific health resources; engagement with parents, caregivers, and community members; and co-creation of the technical content and program platform with target audiences.
Focus on Rwanda
In Rwanda, the MOH requested that the m4RH team adapt content for young people and collaborate with a local technology partner to develop the platform, with the understanding that the MOH and local health partners would then deploy the program. An m4RH TWG was formed to support program adaptation, platform development, handoff, and national scale-up from the outset. The TWG supported (I) identifying the key sexual and reproductive health and gender issues for young people in Rwanda; (II) identifying the most appropriate message format for youth; (III) reviewing, providing technical input, and endorsing final content; and (IV) translating text messages into the local language.
The involvement of young people, parents, caregivers, and other influential adults such as religious and community leaders, was instrumental to the adaptation process. FGDs with parents and other adults in each country helped to ensure program acceptability among key gatekeepers in young people's lives. FGDs with youth allowed for the m4RH program content to be tailored in a way that was relevant to youth, that was perceived as trustworthy and accurate, and that supported culturally appropriate and healthy decision making (25) .
In Rwanda, 10 FGDs were conducted with 15-24-yearold males and females stratified into same-gender groups of 15-17 and 18-24 years old. Young people who were comfortable text messaging were recruited from youth centers. Highly trained research assistants who had experience working with young people facilitated FGDs. Focus groups were recorded, transcribed, and analyzed thematically, and data was discussed and interpreted with the full research team to yield final results. FGD participants reported that m4RH would be a good program for youth in Rwanda, and that the information provided will empower them and support their decision-making ( Table 1) . Four FGDs also were conducted with Rwandan adults recruited from market places and community centers. Adult participants stated that they would recommend the program to youth and that they would be happy to see their children using m4RH. They reported that they would encourage their children to explore all of the content and some even felt it would help facilitate communication about difficult subjects.
Finally, usability testing helped to ensure that the program content was delivered in a way that was accessible to the younger target population (28) . Twenty one-onone interviews were conducted with 15-24 years old. IDI participants were asked to navigate through a live technological system, observed for how they use the system, and then asked a series of questions about the design, navigation, and use of the system. Usability testing was especially important in the Rwanda m4RH adaptation because a new local technology partner was engaged for platform development and new functionalities, including USSD, were being considered. The flexibility and simplicity of the m4RH system-which were intentional design features-allow for its easy adoption by multiple technology partners, and therefore testing the user interface and navigation along with ensuring platform functionality when deployed by a new partner was essential.
Global scale-up
Beyond vertical and horizontal scale-up, the m4RH program has scaled within the global public health community by providing tools and content to enable others to build their own adapted and evidence-based mHealth programs. Strategic partnerships, effective data sharing, and application of marketing practices have been used to champion broad adoption of m4RH along with best practices in development and implementation of mobile phone interventions for health globally.
Since program inception, the m4RH team has attended global and local FP conferences and mHealth meetings to share the program; held online and in-person consultations with colleagues based in academic, quasi-and governmental settings, and other non-governmental organizations (NGOs); and served as technical advisors to other programs and countries interested in implementing m4RH or related mHealth programs. These conversations have informed partner development of multiple mobile phone programs for reproductive health including the youth-focused global ARMADILLO program (29) , mCenas in Mozambique (30) , and ChatSalud in Nicaragua (31) . They have also facilitated the forthcoming integration of m4RH into programs beyond the FP sector, including a maternal health program in Afghanistan and an education program in Malawi. In addition, a series of peer-reviewed journal articles have been published on m4RH that detail program content, reach, and impact (15, 18, 19) , provide methods for adapting and piloting m4RH for young people (29) , and model financial costs for sustaining m4RH (32) .
The availability of peer-reviewed data and program results directly addresses challenges to implementing evidence-based programs and policies, notably a significant time-lag in publishing results (33) . Furthermore, because published manuscripts often lack sufficient information about the intervention to facilitate replication (34, 35) , the m4RH team has explicitly focused on packaging m4RH to make it available for partners to adapt and apply. The m4RH team has produced several toolkits and guides that provide concise, easy-to-read and understand content showcasing the mHealth platform, content, evidence, and the adaptation process (20) . Data from m4RH users documenting willingness to pay for the program content, along with details about program costs, also has been featured in project Young person "It's useful and it will help young to think and to decide for themselves" (female, 18-24, Ngoma) Parent "As years pass, life becomes harder, parents don't spend much time with their children; this program will support parents to educate their children" (male parent, Ngoma)
Parent "There are topics that we cannot dare to discuss with our children because we do not have up-to-date information or because of our culture. So this program is very important for us because our children will have all the information they need" (female parent, Ngoma) © mHealth. All rights reserved. mHealth 2017;3:11 mhealth.amegroups.com materials (20, 32) . With this information available, program implementers can make an informed decision as to whether m4RH is appropriate to their context and needs. Finally, we have developed a simple, non-monetary m4RH licensing model that empowers others to build upon m4RH for their own mHealth programs. m4RH license agreements have been signed with NGOs operating around the world in Bangladesh, Kenya, Mozambique, Myanmar, Nicaragua, Nigeria, and Tanzania, among others, providing these partners with full access to the m4RH content and internal logic and the right to create derivative works.
Conclusions
The m4RH case study highlights the essential elements of mHealth program development and adaptation that contributed to its successful vertical, horizontal, and global scale-up. The adaption and scale-up of m4RH demonstrates how program monitoring and research, targeted dissemination, partnerships, and strategic design are essential for developing and leveraging platforms to carry forward and expand mHealth services.
When developing new intervention approaches, especially in emerging fields like mHealth where questions about reach, usability, and efficacy are paramount, pilot studies are essential (11, 36, 37) . However, single data collection events are not enough to inform decisions about adaptation and scale; data collection must be continuous and results must be readily available to generate the necessary stakeholder support for scale up (38) . The m4RH service was originally developed as a pilot program to evaluate the feasibility and potential impact of an mHealth FP information service (15) . Data obtained during the m4RH pilot answered several fundamental stakeholder questions and informed decisions to scale the program: data showed that important but hard-to-engage target audiences were reached by m4RH messaging, that end-users liked the mHealth program and wanted deeper content, and that partners were enthusiastically promoting the program as a resource not only for their beneficiaries but also for their health workers. Program monitoring, evaluation, and iterative learning and development should be prioritized in all health and mobile phone interventions.
Providing access to program materials and targeting key audiences for data dissemination were critical for scaleup. Publishing in peer-review journals, attending FP and global health conferences, sitting at the table during TWG meetings, responsively answering calls for more information from any and all actors, and fee-free licensing of m4RH were key advocacy tools. Emphasizing stakeholder engagement throughout the adaptation and scale-up process and ensuring relevance and reliability by providing ongoing opportunities for input from stakeholders, target audiences, and community members was critical. This open access approach and emphasis on partner relationships fostered local program adoption and ownership and supported sustainability through increased and diversified program funding-key building blocks of scale-up (10) .
A key tenet of scale-up is to "begin with the end in mind" (14) and the m4RH team comprehensively embraced this perspective. Initial m4RH content was based on global guidelines for FP to ease the adaptation of messaging for new populations, languages, and countries. Similarly, the 10-step m4RH adaptation model was developed to be equally relevant across new health domains and content, populations, and stakeholder groups. In addition, the original technology partnership stated that the program code could be shared with other technology groups as needed, which provided flexibility for working with local and global technology groups.
More research is required to answer questions about costs and benefits of mobile phone interventions for health improvement to better understand whether and how to scale (39, 40) . While we have explored financial sustainability of m4RH by developing and evaluating a series of costrecovery models (32) , there are few cost benefit analyses of mHealth programs. Along with development of case studies on mHealth scale-up, mHealth costing studies must be prioritized.
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